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~\Ye, Westing house Klkouic: Inteh- 
national Company, of 40, Wall Street, 
New York, 5, State of New York. Fnited 
States of America, a Corporation organised 
6 ami existing under the Laws of the State 
of Delaware in said United States of 
America, do hereby declare the nature, of 
this invention and in what manner tin; 
same is to be performed, to be parti eu- 
10 larly described and ascertained in and by 
the following' statement : — 

This invention relates to synthetic 
resinous compositions for bonding mem- 
bers and, more particularly, for bonding 
16 metal plates to one another, and the pro- 
duct produced by the use of siic-h resinous 
bonding materials. 

It has been long held desirable to bond 
sheets of metal by adhesive compositions 
iu order to produce consolidated bodies 
for various applications. In. the electrical 
industry, it is highly desirable to prepare 
magnetic cores from laminations of mag- 
netic iron. For ease in manufacturing and 
25 assembly, adhesively bonded magnetic 
cores have considerable advantages. 

It has been proposed heretofore to 
apply thermoplastic resinous binders be- 
tween laminations of metal in order to 
30 produce a bonded core therefrom. How- 
ever, the thermoplastic resin lacks ade- 
quate bond strength at. reasonable 
elevated operating temperatures and the 
cores tend to delaminate at temperatures 
35 ■ much below expected operating tempera- 
tures. Thermosetting resins such as, for 
example, a phenolformaldehyde on the, 
other hand have • been found" unsatisfac- 
tory since they induce strains in the mag- 
40 netic material on heat hardening and 
thereby greatly impair the magnetic 
characteristics of the material. In some 
cases 'thermosetting resins lack adequate 
bond strengths. 
45 The chief object of this invention is to 
provide a resinous binder for application 
to metallic laminations for preparing 
bonded bodies therefrom. 

A further object of the invention is to 
50 provide a hotly composed of laminations 
bonded with a resinous binder capable of 
maintaining a good bond at elevated fein- 
t/Vice 2/-] 



perature.N. 

Another object of the invention is to 
, provide a magnetic core composed of 55 
laminations bonded with a resinous binder 
capable of maintaining a good bond at 
elevated temperatures without impairing 
the magnetic properties of the metal. 

A still further object of the invention is 60 
to providei for building cores of metal 
sheets by applying thereto to resin com- 
position comprising a resorcinol-form- 
aldehyde reaction product and a thermo- 
plastic vinyl resin. 65 

With the above objects in view the 
present invention resides in a synthetic. 
resin, particularly for use as a binder for 
metal sheets and the like, characterised in 
that the composition comprises essen- 70 
tially from 10 to 100 parts by weight of a 
soluble partial reaction product of from 1 
to 1.17 mols of formaldehyde and I mol at 
a polyhydroxy benzene having at least two 
hydroxl groups in the 1, 3, 5, positions. 76 
renuxed in substantially anhydrous' 
methanol aud a ratalyst in'an amount of 
less than 1% of the weight of the poly- 
hydroxy benzene, the catalyst, being 
neutralised after the reaction* and 100 80 
parts by weight of a compatible thermo- 
plastic vinyl resin selected from the 
polymers of compounds having the radi- 
cal It s C=C<. 

It has been discovered that- a binding 85 
agent prepared from a resorcinai-forin- 
aldehyde resin combined with from I to 
10 times its weight of a thermoplastic 
vinyl type resin gives extraordinarily 
good bonds when applied to metal anil 90 
maintains a. high bond strength at tem- 
peratures of 100°C. and higher. Fur- 
thermore, the binding agent, does not 
induce strains or otherwise cause signifi- 
cant losses in magnetic lamiuntions 95 
bonded therewith. 

lu preparing the binding agents of this 
invention, from 10 to 100 porta by weight 
of the reaction product of a 1, 3 di- 
hydroxybeuzeue having hydrogen atoms 100 
attached to the reniairvig* carbon atoms 
except that a single methyl, ethyl or 
other group may be attached to the* ben- 
zene ring or a 1 . 8, r i hydroxy benzene hav- 
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ing only hydrogen on the remaining car- 
bon atoms reacted with formaldehyde are 
combined with 100 parts by weight of a 
vinyl type thermoplastic resin. By 'Vinyl 
6 type resins " as nse<l herein is meant the 
class of resins obtained by polymerising 
organic compounds having the radical 
H,C = C<. The vinyl type resin may be 
selected from the vinyl esters such, for 

10 example, as vinyl acetate and vinyl aee- 
tate-butyrate, polyvinyl alcohols particu- 
larly those produced from a vinyl ester 
hydrolyzed less than 50%. polyvinyl 
formal, polyvinyl acetal and polyvinyl 

15 butyral, and simple substituted vinyls 
such, for example, as the acyrlates and 
metkacrylates. Specific examples of the 
two vinyl derivatives last-mentioned are 
methyl methacrylate and propyl metha- 

20 crylate. The vinyl resins may be of low, 
medium and high molecular weight, de- 
pending on the desired'hardness. tough- 
ness and tackiness of the bond. 

The polyhydroxy benzenes are reacted 

26 with formaldehyde under anhydrous con- 
ditions in order to provide a complete 
control of the reaction in order to secure 
predetermined properties. The reaction 
is particularly controllable if carried out 

30 in a liquid medium composed of substan- 
tially anhydrous methanol and ethanol. 
Example A. 
The following example is typical of the 
method of preparation. Into a reaction 

35 vessel equipped with a mechanical stirrer 
and condenser 220 parts by weight of 
resorcinol and 70 parts of paraformalde- 
hyde bv weight are mixed in 250 parts of 
99.7% methyl alcohol. One-half part by 

40 weight of concentrated hydrochloric acid 
ia added as a catalyst. Heat is applied to 
the mixture while' being rapidly stirred. 
The reaction temperature is brought to the 
reflux point of the alcohol (about 75'C.) 
25 and gradually decreased thereafter to 
about. 68"C. l)uring the heating process, 
the milky colour due to the paraform- 
aldehyde* being suspended in tlfe» methyl 
alcohol disappears in about 20 minutes. 

50 The. resin solution is quite viscous but 
clear. Heating is discontinued when this 
condition occurs, and the resin solution 
cooled. Sufficient additional methyl al- 
cohol is added to the resin solution, to 
55 provide a solution of the proper viscosity 
for use. Sufficient alkali is added to 
neutralize the acid. The resulting solu- 
tion has been stored for periods of 
eight months and longer without any 
60 appreciable change in viscosity or other 
properties. 

Examplk B. 
In another example nearly absolute 
anhydrous ethyl alcohol was used as the 
65 solvent and reaction medium instead of 



methyl alcohol. The time of reaction was 
somewhat shorter in this latter case since 
the boiling point of ethyl alcohol is some- 
what higher and the higher redux tem- 
perature expedited reaction. A resin 70 
solution having excellent adhesive pro- 
perties when admixed with a vinyl Te9in 
and good stability was produced. 

Ha is believed that the substantially 
anhydrous alcohol has a greater affinity 76 
for the water of condensation than the 
resinous product, and, therefore, the 
resin proper is substantially free of 

In order to provide good controllability 80 
of the reaction, the amount of catalyst 
should be less than 1% of the weight of 
the reactants. preferably one-fourth of 
1% and less. When the reaction has 
reached the stage where the formaldehyde 35 
and polyhydroxy benzene are reacted and 
the resin moleeules are of a size whereby 
predetermined viscosity of solution is 
attained, the addition of cold mono- 
hvdrie", alcohol will reduce the tempera- 90 
tine sufficiently to practically terminate 
any further reaction tending to in- 
crease the molecule size. The catalyst is 
neutralized by adding the appropriate 
alkali or acid substance to convert, the 95 
catalyst into an inert residue. 

Suitable 1, 3 and 1, 3, 5 polyhydroxy 
benzenes for carrying out tlie^ invention 
are resorcinol and phloroglucinol. 1, 3 
polyhydroxy benzenes with one ethyl, 100 
methyl, or* other group attached to the 
benzene ring may be employed . 

Catalysts suitable for the reaction are 
the mineral acids. Salts which give a 
strong acidic reaction, such for example. IVO 
as ferric chloride, also may be employed. 
Basic catalysts will be found to be opera- 
live as well. 

Paraformaldehyde is the preferred 
form of aldehvde due to ease of handling. 110 

The mol ratios of polyhydroxy phenol 
to formaldehyde to produce resins suit- 
able for good theimoset product* prefer- 
ably ranges from 1 to 1.17 mols of form- 
aldehyde to each mol of the polyhydroxy 116 
phenol. A slight molar excess of thw 
aldehyde over the moles of the poly- 
hydroxy benzene gives better results. 

'The following are examples of the 
preparation of a binding composition : — 1*" 
Example I. 

(57 parts by weight of a resorcinol resin 
solution in methanol as produced in 
Example A having a 60% solids content 
i9 mixed with a solution, composed of 200 "O 
parts by weight of polyvinyl acetate of 
medium molecular weight dissolved in 
400 parts by weight of acetone. The com- 
position is- ready for application to 
laminations of metal immediately on 130 



597,144 



3 



thorough mixing. 

Example II. 
27 parts by weight of resoreinol-form- 
aldehyde resin dissolved in methanol as 
o produced in Example A to a 60% solids 
content is combined with 200 parts by 
weight of a solution composed of 40 parts 
by weight of a Ligh! molecular weight 
polyvinyl acetate in 160 parts by weight 
10 of acetone. The composition is ready for 
use after thorough mixing. 

Example III. 
400 parts by weight of low molecular 
, E Y^?g" nt polyvinyl acetate* was dissolved in 
15 400 parts by weight of benzene mixed 
with 400 parts by weight of ethanol and 
to the solution 600 parts by weight of a 
60% solid content resorcinol-formalde- 
hyde resin in ethnnol as in Example B 
.. 20 was added. 

In Examples I. to III. above, a basic 
catalyst may be added to the composition 
in amounts of up to 10% of the weight of 
«= *lie resorcinol-f ormaldehyde Tesin present. 
25 Suitable^ catalysts are ammonium 
hydroxide, ethylene-diamine and hexa- 
luethylenetetramine. Such basic catalysts 
will lower the baking times and tempera- 
tares required to set the binding agent 
80 M'Len applied to laminations of metal 
Example IV. 
Three parts of 15% hydrolvsed poly- 
vinyl acetate, medium molecular weight 
dissolved in a mixture of equal parte 
SO of acetone and ethyl acetate to produce a 
20% solution was combined with one part 
of resorcinol-formaldehyde resin dissolved 
^J 10 ! Example B to produce a 
-»0% solution. 
40 The invention will become more readilv 
apparent from the following description 
of preferred embodiments thereof shown 
drawing examille iu the accompanying 

45 Figure 1 is a perspective view of a bar 
core; 

Fig. 2 is an exploded perspective view 
of two U-shaped core segments; 

c « i 3 is ? n eu , iar » ed cross* sectional 

50 view taken aloug line III— III of Fi~ 
2; and **" 
pff- 4 is a graph plotting bond 
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strength against temperature. 

Referring to Fig. 1 of the drawing, 

5o there is illustrated a Bonded core 10 com- 
posed of a plurality of laminations of 
magnetic sheets 12 bonded by applying 
thereto the composition described in 
Example I. The laminations were indi- 

60 vidually coated with the composition and 
allowed to dry either by exposure to the 
atmosphere or placed in oveus at a tem- 
perature of 80°C. After drying, the 
laminations were super-imposed on one 

05 another to form a stark and the stack Mas 



placed in a jig where a pressure of some 
40 to 100 pounds per square inch (0.7 to 
7kg per cm 2 ) could be applied. The stack 
was then baked in an oven for four hours 
at* temperature of 150°C. to 250°C. If 70 
a basio catalyst is employed in combina- 
tion, with an adhesive, these baking times 
may be reduced. The baked cores after 
cooling to temperatures at which . they 
could be handled can be machined to pre- 75 
determined size and shape. The machin- 
es, °P er »tipns ma y consist of. milling, 
drilling, grinding and the like. In mail 
mg magnetic cores, it may be desirable to 
etch the machined core 10 in order to re- 80 
move burs .and metal particles that may 
short circuit the laminations. Etching in 
nitric acid for a few minutes has been 
tound satisfactory for this purpose. The 
bond between laminations withstands the 85 
action of the acid and subsequently ap- 
plied alkalies and water for neutralizing 
excess acid. 

lw,^ T . adva,lta8 ?2 us appNcation for the 
bonding compositions of this invention is W 
in the making of the wound magnetic 

vhl !i "Sr* in Fi *A o£ the ESSE 

lhe core 20 is prepared by winding a con- 
tinuous strip of magnetic sheet about a 
rectangular mandrel: The continuously 95 
wound core enables an efficient use of 
magnetic material having a preferred 
riirection of magnetic orientation. After 
the core has been wound into a rectangular 
body it is sfe-am annealed to remove the 100 

2S?T K ln .- the SSP^ composition des- 
cribed herein The resinous composition 
will penetrate the spaces between the 
r' n £ m P 86 « To insure thorough im- 106 
pregnation, the wound cores may be 
placed in a vacuum impregnating tnnk 
where a low vacuum is applied to^emove 
any gases between the turns of the^ole 
and thereafter* the binding agent solu-. 110 

' ,? rM8Ur « «>ay be applied to as 

5?«« St*JT* Cm > *Z !* rce the composi- 
tion^ ft! spaces ^ een the ,am «^- 

turns 26. The composition may be drained 
from the cores after 30 minutes and a 
slight vacuum applied to remove excess 
adhesive composition. The wound and 
impregnated cores may be placed in jigs 120 
in order to maintain predetermined 
ond baied at temperatures of up t« 
-50 C. for several hours to polymerize 
and harden the composition. After cool- 
ing to room temperature the baked cores 125 
are removed from the jigs and<inay be cut. 
by means of a milling cutter, saw. or thin 
grinding wheel into two U-shaped mag- 
netic cores 22 and 24. The faces 28 maV 
Iw ground and etched to ,>ut them into 130 
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a flat planar shape 1 and to remove bare 
and other short-circuiting m particles. 
Nitric acid etch, for example, is satisfae- 
tary for this purpose. After etching, 
5 excess acid may be washed off with 
alkalies and water. 

As shown in the greatly enlarged view 
in Fig. 3 of the drawing, the laminations 
26 are impregnated and .cemented to. 

10 gether by the resin composition 30 be- 
tween the respective laminations. A high 
degree of resin filling between lamina- 
tions is present. m _ 

The temperature characteristics of the 

15 bond composition are outstanding. Re- 
ferring to Fig. 4 of the drawing, there is 
a plot of bond strength in pounds (kg) for 
an area of 5.25 square inches (33,86cm 1 ) 
for a range of temperatures from 25*C. 

on to 100"C. At room temperature, approxi- 
mately 25*C, the bond strength is about 
2750 pounds (1247,40kg). A 60°C. the 
bond strength has increased approxi- 
mately over 50% to about 4200 pounds 

or (1905,12kg). At 80*0. the*bond strength 
■ is 2500 pounds (1134kg) while at 100*C. 
the bond strength is 1450 pounds 
(657,72kg). An all vinyl resin bond by 
comparison has a maximum bond strength 

30 at 25 S C. of 2500 pounds (1134kg) for an 
area of 5.25 square inches (33,86cm*). 
This value diminishes to 1,000 pounds 
(453,6kg) at 60* C. and there is no bond 
strength at 80'C. 

35 Cores similar to those shown in Fig. 2 
of the drawing have been prepared by 
means of the bonding composition of this 
invention. When the cores were tested the 
change in magnetic losses is approxi- 

40 mately 0.8% as an average for a large 
number of cores. This loss is well within 
the accuracy of the testing devices em- 
ployed. It indicates that the composition 
employed as the binder does not induce 

45 appreciable strains in the laminations 
bonded therewith. This feature of low 
losses, is -particularly significant in mak- 
ing cores with magnetic sheets having a 
preferred direction of magnetization. 

50 This type of material is extremely sensi- 
tiine to any strains. Ordinary phenol 
formaldehyde resin usually increases the 
losses when applied to laminations of 
oriented magnetic sheets 20 to 30% 

55 and even higher. 

A particular advantage secured by the 
use of the binding composition of this 
invention resides in the toughness of the 
bond. The removal of mandrels from 

60 cores after annealing and the cutting and 
grinding operations subject the cores to 
considerable physical stresses and the 



laminations would break and separate if 
the bond were brittle. The present com- 
position, however, is so tough that it with- w 
stands the machining and other manufac- 
turing operations encountered with sub- 
stantially no splitting of the cores or 
other failures. 

While the bonding composition of this 70 
invention exhibits its most desirable pro- 
perties in the manufacturing of magnetic 
cores, the composition may be employed 
for bonding metallic members of any 
variety, wood and laminated plastics. 75 
The bonded materials may be cut, drilled 
and machined to shape in much the same 
manner as a solid body of the material 
could normally be machined. 

The resinous composition after heat 80 
treatment to polymerize and harden it is 
impervious to oil, water and fluid dielec- 
trics at temperatures of the order of 
100*0. This renders cores bonded there- 
with usable in various dielectric fluids. 85 

Having now particularly described and 
ascertained the nature of out said inven- 
tion and in what manner the same is to be 
performed, we declare that what we claim 
is: — W) 

1. A synthetic resin, particularly for 
use as a binder for metal sheets and the 
like, characterised in that the composition 
comprises essentially from 10 _ to 100 
parts by weight ft a soluble partial reac- 95 
tion product of from l.to 1.17 mola of 
formaldehyde in the form of a solid 
polymer and 1 mol of a polyhydroxy ben- 
zene having at least two hydroxyl group* 

in the 1, 3, 5 positions, renuxed in sub- 100 
stantially anhydrous methanol or ethanol 
and a catalyst in an amount of less than 
1% of the weight of the polyhydroxy ben- 
zene, the catalyst being neutralised after 
the reaction, and 100 parte by weight of a 105 
compatible thermoplastic vinyl resin 
selected from the polymers of compounds 
having the radical H,C=C<. 

2. A composition us claimed in claim 1. 
characterized by the addition of methanol 110 
to the polyhydroxy benzene compound- 
formaldehyde reaction product. 

3. A composition, as claimed in claim 1 
or 2, characterized in that the poly- 
hydroxy benzene compound is resorcinol. Ho 

4. A* composition, as claimed in any of 
the preceding claims, characterized in 
that the thermoplastic vinyl resin con- 
sists of iK>lyvinyl acetate. 

5. The synthetic resinous composition 120 
particularly for use as a binder for metnl 
nheets and the like, substantially as here- 
inbefore described. 
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n f i n , n G. RAYMOND SHEPHERD, 

Dated the 17th day of September, 1945. Chartered Patent Agent, 

2, Norfolk Street, Strand, London, W.C.2, 
Agent for the Applicants. 
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